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demonstrated in genetically diabetic ob/ob mice™ and
in rat NASH models.”

The finding in this study that AGEs intensified HSC
activation in association with enhanced TGF-p1 adds
new information to the mechanism of liver fibrogenesis
under glucose intolerance, Recent studies have demon-
strated that TGF-§ is a potent inducer of both al(I) and
o2(I) collagen genes. In addition, a TGF-B-responsive
element has been mapped to the promoter region of
a2(1) collagen genes.” In keeping with this, the COL1A2
gene was upregulated by AGE stimulation and accom-
panied by induction of TGF-f.

MCP-1 is a member of the CC subgroup of chemo-
kines and is a potent chemoattractant of monocytes and
T lymphocytes.” In addition to macrophages and endo-
thelial cells, MCP-1 is secreted by activated HSCs, and
it exhibits great involvement in the pathogenesis of
NASH in animal models'" and humans.” In this study,
we demonstrated that stimulation of HSCs by AGEs led
toupregulation of MCP-1, suggesting that AGE-induced
MCP-1 secretion from activated HSCs elicits chronic
liver inflammation during the progression of NASH.

Previous studies have indicated that activation of
nuclear factor-kB (NF-kB) is induced by ROS in various
nonphagocytic cells.” It has also been reported that
AGEsactivate NF-kB via an upstream signaling cascade,
such as p38 mitogen-activated protein Kinase in macro-
phages.” glomerular mesangial cells,” and endothelial
cells,” Although further investigation is needed, we
speculate from these observations that ROS generated
by AGE-RAGE signaling may activate a transcription
factor such as NF-kB, which results in activation of
HSCs.

In this study, we utilized human HSC line LI190, which
exhibits the characteristics of activated HSC when cul-
tured in plastic dishes. Although we did not examine
whether AGEs initiate the transdifferentiation from the
quiescent to the activated phenotype, our findings that
treatment with AGEs enhanced fibrotic markers as well
as cell proliferation suggest that AGEs may play a role
in the development of NASH, probably as a second
hit.

In conclusion, we confirmed the expression of RAGE
in human HSC line L190. AGEs enhanced established
fibrotic markers and proliferation of HSCs, which was
associated with an increase of intracellular ROS genera-
tion via NADPH oxidase and the mitochondrial elec-
tron transport system. Together with the observation
that AGEs are elevated in the serum of patients with
NASH, these results suggest AGEs may be a second
modulator in the progression of this disease. As antioxi-
dants markedly retrieve the overexpression of fibrotic
markers in HSCs, we speculate that the administration
of antioxidants may represent a novel treatment strat-
egy for NASH patients.
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Introduction

Abstract

Background and Aims: Long-term interferon (IFN) therapy is effective in eliminating
hepatitis C virus (HCV). However, it carries the risk of adverse effects and reduced quality
of life. To assess whether short-term IFN therapy effectively climinates HCV, we per-
formed a prospective pilot study of pegylated (peg)IFN- -2a therapy for 8 or 24 weeks.
Methods: After excluding patients with high titers of genotype-1, 55 HCV patients
received peglFN- -2a. Patients who became negative for HCV-RNA at week 2 were
allocated to either an 8-week (n = 19) or 24-week (n = 15) course of [FN. We evaluated the
efficacy of and tolerance to IFN therapy.

Results: The sustained virological response rate was excellent in the two groups (8 weeks,
89.5% [17/19]; 24 weeks, 100% [15/15], respectively,). IFN dose reduction was required in
one patient of the 8-week group, but in six patients of the 24-week group (P = 0.028).
Treatment was completed by all patients of the 8-week group, but discontinued in five
patients of the 24-week group (P = 0.011).

Conclusions: The 8-week IFN therapy is more tolerable than the 24-week therapy and had
similar outcomes. Excluding the patients with high titers of genotype-1, we recommend
switching to an 8-week course of peglFN- monotherapy once patients show an ultra rapid
virological response at week 2 from the start of IFN therapy.

high viral load (=100 KIU/mL of HCV-RNA) or patients with any
viral load in whom previous IFN treatment did not eliminate
HCV-RNA. PeglFN- -2a has been used in Japan without ribavirin

Hepatitis C virus (HCV).infection is a major cause of chronic liver
disease with an estimated 170 million chronic carriers worldwide.'
Chronic HCV infection is usually associated with liver cirrhosis
(LC) and hepatocellular carcinoma (HCC).** In Japan, 60-70% of
patients with HCC or LC are HCV carriers.” Antiviral therapy of
interferon (IFN) is widely used for the treatment of chronic HCV
infection and is assumed to prevent progression to LC and HCC,
especially in patients who show a sustained virological response
(SVR).

The reported total HCV-RNA elimination rate is approxi-
mately 30-40% in patients treated with conventional [FN
monotherapy.*'® However, better results have been reported when
pegylated (peg)IFN- is used in both naive patients and in those
who fail to respond to or relapse after conventional IFN-  mono-
therapy. In Japan, two kinds of peglFN arc available: pcglFN- -2a
and peglFN- -2b. PegIFN- -2bcan be used with ribavirin, a purine
nucleoside analog, in naive patients with genotypes 1 and 2 with a

Journal of Gi gy and gy 23 (2008) 541-545 © 2008 The Authors
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only since December 2003 because of health insurance restrictions.
However, ribavirin combination therapy has been covered by public
health insurance since March 2007 in Japan, The HCV elimination
rate with peglFN- -2b plus ribavirin combination therapy is up to
54% in patients with genotype 1." Several investigators have
reported that pegIFN and ribavirin combination therapy for a period
of 24 or 48 weeks ensures a viral clearance in most patients with
HCV genotypes 2 or 3 infection.'*"* However, ribavirin combina-
tion therapy frequently causes anemia and should be carefully used
in the elderly, anemic, or pregnant young patients, and in those who
require long-term treatment.' Apart from patients with a high viral
load of genotype 1, IFN monotherapy is also effective in HCV
elimination even when used withou! ribavirin. Previous studies
suggest that the SVR achieved with peglFN- -2a is similar to that
observed with peglFN- -2a combined with ribavirin in patients
with hepatitis C.'*'¢
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(n=55)

HCV-infected patients received pegylated interferon-a-2a therapy from January 2005 to March 2006,
Patients with high viral loads (2100 KIU/mL) of HCV genotype | were excluded.

Virological response at 2 weeks

Non-virological response at 2 weeks

(n=34) (n=21)
* 48-week course of treatment
Informed consent for 8- or 24-week treatment (n=21)
§-week course of treatment 24-week course of treatment Figure1 Flow diagram of the clinical trial.
(n=19) (n=15) HCV, hepatitis C virus,

Although the tolerability of pegIFN is similar to that of the
conventional IFN," the 180 g dose of peglFN- -2a therapy for
48 weeks is sometimes not tolerated by some patients, With the
exception of those with high viral loads of genotype 1, the above
regimen is expected to produce a high viral clearance rate, espe-
cially in patients with an early virological response. Several
studies report the effectiveness of short-course IFN therapy
(<24 weeks) for patients with an early virological response.'™
Therefore, a treatment duration of 48 weeks may be too long or
more than sufficient for some patients, especially when one con-
siders the undesirable adverse effects or the cost of treatment.

In the present study, we conducted a prospective controlled trial
1o compare the efficacy of an 8-week versus a 24-week course of
peglFN- -2a (180 g/time/week) for patients negative for HCV-
RNA at 2 weeks after the initiation of therapy.

Methods

Patients

Between January 2005 and March 2006, a total of 55 HCV-
infected patients received peglFN- -2a therapy at Hiroshima Uni-
versity Hospital (Hiroshima, Japan) and its associated hospitals in
Japan. Patients with high viral loads (=100 KIU/mL) of HCV
genotype 1 were excluded from this study because of their low
SVR rate. Among the 55 patients, 34 consecutive patients who
showed a rapid virological response at 2 weeks were enrolled in
this study (Fig. 1). Eligible patients had antibodies to HCV, were
positive for HCV-RNA at study entry, and had not received previ-
ous IFN therapy. They included 21 men and 13 women, with a
mean age of 53 years (range, 21-71 years). Their HCV genotypes
were 1b, 2a, and 2b with variant HCV-RNA (5.1-400 KIU/mL by
a reverse transcriptase-polymerase chain reaction [RT-PCR]). All
patients underwent liver biopsies within 12 weeks before the start
of IFN therapy and were confirmed to have chronic hepatitis by
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histopathological examination. Patients with any other cause of
liver disease including coinfection with hepatitis-B virus or HIV,
alcoholic hepatitis, fatty liver, autoimmune hepatitis, or previous
organ transplantation were excluded from this study.

Study design

This multicenter prospective controlled study compared the effi-
cacy and safety of 8 weeks versus 24 weeks of peglFN- -2a
monotherapy in previously unireated patients with chronic hepa-
titis C who had a virological response at 2 weeks after the start of
IFN. Patients with a virological response at 2 weeks were invited
to sign a consent form accepting treatment with IFN for 8 weeks
only. Those patients who refused consent received a 24-week
course of treatment. The primary measure of efficacy was SVR,
which was defined as undetectable HCV-RNA in the serum at
24 weeks after the cessation of treatment. All patients agreed lo
participate in the research protocol, which was approved by the
hospital research ethics board, and gave written informed consent.
The eligible patients received pegIFN- -2a (Pegasys, F.
Hoffmann-LaRoche, Basel, Switzerland) at 180 g once per week
subcutaneously, either for 8 weeks or 24 weeks, without ribavirin.
Other patients who showed no rapid virological response at
2 weeks after the start of peglFN- -2a were treated for
24-48 weeks.

All patients were evaluated in an outpatient selting for safety,
tolerance, and efficacy every week during the IFN treatment.
Blood count was checked just before the IFN injection every week.
The qualitative detection of HCV-RNA was performed by a stan-
dardized qualitative RT-PCR assay (Amplicor HCV monitor v2.0;
Roche diagnostics Co., Tokyo, Japan) at the first 2 weeks and
every 4 weeks during and after IFN treatment. The primary effi-
cacy end point for this study was defined as a disappearance of
detectable serum HCV-RNA at week 24 after the complction of the
IFN treatment.

icgy 23 (2008) b41-545 © 2008 The Authors
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Table 1 Patients’ characteristics

Short-term peglFN- -2a monotherapy

Table 2 Charactenstics of 21 patients who did not show a rapid viro-

logical response

Age (years) 51" (22-76)
Sex (mala/femalal nm

Height (cm) 164 5' (148-175.5)
Weight (kg) 58.5' (42.5-75)

Body mass index (ka/m2)
Platelet count ( 104/ L}

225' (16.9-273)
205' (12-28.6)

B-week group 24-week group
(=19 {n=185)
Age (years) 51t (21-71) 47" (25-58)
Sex (male/female) 14/ m7m
Height (em) 160" (147-178) 181* (139-178)
Waeight (kg) 64.6' (40.6-85) 59' (47-92.4)
Body mass index (kg/m’) 234" (180-278) 215" (18.6-30.5)
Platelet count { 104 L) 19.5' (9.6-30.7) 18.1" (8.8-31.7)
Alanine aminotransferase 58' (22-152) 60' (21-184)
oL
-Glutamyl transpeptidase 26" [9-1565) 47" (14-137)
({[V)/ ]
Creatinine (mg/dL) 0.76' (0.6-0.9) 0.68" (0.38-0.85)
Total cholesterol (ma/dL) 160" (116-219) 154" (125-201)
Fasting blood glucose 90" (72-104) 96" (B4-115)
{mg/dL)
Diabetes mallitus 0 1
Hyaluronic acid (ng/mL) 24' 13-72) 78' (16-191)
HCV genotype (1b/2a/2b) 211872 2103
HCV-RNA (KIU/mL} 45" (6.1-370) 43' (6.3-400)
Fibrosis (F1/F2/F3/F4) 6/8/5/0 5/6/4/0

'Median, HCV, hepatitis C virus,

Statistical analysis

We compared the response to an 8-week course of peglFN- -2a
with that to a 24-week course of peglFN- -2a, The *-test and
Fisher’s exact test were used for comparisons of categorical vari-
ables between groups, while Student’s t-test and the Wilcoxon test
were used for continuous and ordinal variables as appropriate,
P-values less than 0.05 were considered to indicate statistical
significance. The JMP version 5.1 statistical software package
(SAS Institute, Cary, NC, USA) was uscd for the statistical analy-
sis of data,

Results

Baseline characteristics

Thirty-four patients who became HCV-RNA-ncgative at week 2
subsequently received ecither an 8-week course (n=19) or
24-week (n = 15) course of 180 g peglFN- -2a. The baseline
characteristics of the two groups at the start of the IFN therapy are
summarized in Table 1. None of the patients had LC, based on
clinical, laboratory, and histopathological findings. Table 2 also
shows the data of 21 patients with a non-rapid virological response
al 2 weeks after the stant of peglFN- -2a, The pretreatment viral
loads of non-rapid virological responders were significantly higher
than those of rapid virological responders (P < 0.0001).

Tolerance of IFN therapy and adverse events

Among the 19 patients of the 8-weck group, the dose was reduced
by 50% (to 90 g of peglFN- -2a) in one patient with SVR at
3 weeks due to a fall in platelet count, However, all other patients
were able to complete the full 8-week course without discontinu-
ation. In 15 patients of the 24-week course, the dose was reduced

Journal of G gy and H
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Alanine aminotransferase (IU/L) 83' 17-157)
Glutamy! transpeptidase (IU/L) 39' (10-145)
Creatinine (mg/dL) 0.58' (0.5-0.96)
Total cholesterol (mg/dL) 158" (111-214)
Fasting blood glucose (mag/dL.) 87" (68-119)

Diabetes mellitus 0
Hyaluronic acid (ng/mlL) 458" (10-100
HCV genotype (1b/2a/2b} 0/15/6
HCV-RNA (KIL/mL) 660" (40-830)
Fibrosis (F1/F2/F3/F4) 12/8/3/0

'"Median. HCV, hepatitis C virus

to half (90 g of peglFN- -2a) in six patients due to neutropenia
(n = 2; one patient at 8 weeks and one patient at 10 weeks), throm-
bocytopenia (n = 3; two patients at 9 weeks and one patient at
10 weeks) and epigastralgia (n =1; at 14 weeks). Furthermore,
IFN therapy was withdrawn in another five patients, including two
patients at 8 weeks due to thrombocytopenia, two patients at
12 weeks due to generalized fatigue, and one patient at 18 weeks
due to various neurological symptoms, such as hand numbness.
Thus the proportion of patients who required a dose reduction was
lower in the 8-weck group than in the 24-week group (P = 0.028).
Furthermore, the proportion of patients who completed the treat-
ment was significantly higher in the B-week group than the
24-week group (P = 0,011). We concluded that our patients with
HCV could tolerate 8 weeks of IFN therapy better than 24 weeks.

Biochemical and virological responses to
therapy

With regard to the alanine aminotransferase (ALT) response to
IFN therapy, all patients of both groups showed biochemical nor-
malization at the end of treatment and at 6 months after the end of
treatment. There was no difference in the sustained ALT response
between the 8-week group and 24-week group. With regard to the
virological response to IFN therapy, all patients of both groups
exhibited a rapid decrease in HCV-RNA, reaching undetectable
levels (HCV-RNA = 100 copies/mL) by week 2. All patients had
negative HCV-RNA levels at the end of treatment and none
showed a null response. There was no significant difference in the
rate of fall of the virological load between patients who had a
sustained response and those who had a relapse, as discussed later.
The proportions of patients who showed a SVR in the 8-week
group and 24-week group were not significantly different (89.5%
[17/19] and 100% [15/15], respectively [P = 0.195]). Two patients
of the 8-week group had viral relapse after the end of treatment;
one who had HCV genotype 2a with 50 KIU/mL pretreatment viral
load relapsed at 12 weeks afier the end of the treatment while the
other had genotype 2b with 230 KiU/mL pretreatment viral load
and relapsed at 8 weeks afier the end of the treatment, The non-
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rapid virological responders had a lower SVR rate. Eight (38%)
patients showed SVR, 11 (52%) patients developed relapse after
discontinuation of IFN, and two (10%) patients had no virological

response.

Discussion

In Japan, peglFN- -2a monotherapy has been covered by public
health insurance since December 2003, The standard duration of
treatment with peglFN- -2a is 24 weeks for patients with low
viral loads of genotype HCV-1 and any viral loads of genotype
HCV-2 infection. Recent studies have reported that a treatment
duration of more than 24 weeks in such cases does not increase the
SVR rate,"*#13 Moreover, patients with early virological
response scem to have a high rate of SVR.*¥ In those patients, to
reduce unnecessary exposure to treatment and its potential side-
effects and to reduce costs, short-term IFN therapy has been used
by several groups.'™ However, details of the IFN regimen differ
from those of others and there are no studies that use short-term of
peglFN- -2a treatment, We therefore conducted a prospective
pilot study on the efficacies of an 8-week and 24-week peglFN-

-2a regimen for patients with low viral titers of genotype HCV-1
and any viral titers of genotype HCV-2 who exhibited a virological
response al 2 weeks afier the initiation of IFN. In our study,
patients with a relatively low viral load before the start of the IFN
therapy tended to have a very early virological response.

Our results demonstrated that the virological response to the
8-week treatment (89.5% [17/19]) was excellent and was similar to
the 24-week course (100% [15/15]). This high SVR rate of 8-week
peglFN- -2a monotherapy seems as high as that reported in
another short course study of 14-week peglIFN plus ribavirin com-
bination treatment for patients with HCV genotype HCV-2 or
HCV-3.* This high SVR rate of the 8-weck course of pegIlFN-

-2a may be associated with a rapid viral disappearance. Several
studies have indicated that negative HCV-RNA at week 2 after the
commencement of IFN is a predictor of SVR."® ¥ Therefore,
for patients with a low HCV-1 viral load or those with HCV-2
infection with any viral load, we recommend switching to an
B-week course of peglFN- -2a monotherapy once they show an
ultra rapid virological response, that is, negative HCV-RNA at
week 2 from the start of IFN therapy. Furthermore, a longer course
of [FN therapy with or without ribavirin can be prescribed when
HCV-RNA becomes positive after discontinuation of the 8-weck
course of IFN therapy.

Although in our study all of the patients in the 24-week course
showed SVR, it seems that 24 weeks is a long treatment period for
those patients who become negative for HCV-RNA by week 2 of
treatment to ascertain SVR. Our results showed that all patients in
the B-week course completed the course to the end of treatment.
However, 33% of the patients of the 24-week course did not
continue their treatment to the end of the course, Because patients
tend to adhere to shorter regimens, which are also better tolerated
than longer treatment regimens, a shorter exposure will probably
translate into a better benefit—risk ratio in patients with early viro-
logical response.

Our study identified two relapsers among patients of the 8-week
course after discontinuation of peglFN- -2a therapy. These two
patients had a negative history of exposure to new HCV infection.
One patient who had genotype HCV-2b and a high pretreatment
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viral load (HCV-RNA: 230KIU/mL) relapsed at 8 weeks after the
discontinuation of IFN therapy, while the other who had genotype
HCV-2a and a low pretreatment viral load (HCV-RNA: S0KIU/
mL) relapsed at 12 weeks after the discontinuation of IFN therapy.
These two patients could have SVR afiter additional IFN therapy
for 24 weeks (one patient; peglFN- -2a monotherapy, one patient;
peglFN- -2b and ribavirin combination therapy). We could not
identify a definite factor associated with SVR or relapse. Although
pretreatment factors, like genotype, viral load, and grade of fibro-
sis can be used to predict the mean treatment outcome for study
cohorts, they are often of limited value in individual patients.”™®

As mentioned carlier, a short course of pegIFN- -2a therapy for
8 weeks could be recommended in those patients who show an
ultra rapid virological response at week 2 after the initiation of
IFN therapy. Although the study by Shiffman et al.” demonstrates
the inferiority of a shorter regimen in a large-scale, randomized,
controlled study, the characteristics of their patients were largely
different from those of our study, including racial difference
(mostly Caucasian patients versus Japanese, a heavier body weight
for the Caucasians versus Japanese patients) and differences in
pretreatment viral load (variable and higher HCV-RNA level
versus relatively low viral load in our patients). Patients’ selection
was also different between the two studies; our study was carried
out only in cases negative for HCV-RNA at 2 weeks after the start
of IFN compared to their randomized study, irrespective of a rapid
virological response.

In conclusion, patients chronically infected with low titers of
HCV-1 and those with HCV-2, regardless of their viral loads, who
achieve an ultra rapid virological response, that is, HCV-RNA
negativity at week 2, can receive only 8 weeks of peglFN- -2a
monotherapy without compromising the chance of SVR. The
results of our prospective study are encouraging, although the
study population was small and was based on non-randomized
methodology. The data of the present study are not conclusive for
patients with very high pretreatment viremia who might achieve a
rapid virological response or for those patients who do not achieve
a rapid virological response. Further clinical trials are required to
optimize the treatment duration in these paticnis.
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Susceptibility of Chimeric Mice with Livers
Repopulated by Serially Subcultured Human
Hepatocytes to Hepatitis B Virus

Rie Utoh,' Chise Tateno,'-* Chihiro Yamasaki,' Nobuhiko Hiraga,* Miho Kataoka,' Takashi Shimada,*
Kazuaki Chayama,** and Katsutoshi Yoshizato!**

We previously identified a small population of replicative hepatocytes in long-term cultures
of human adult parenchymal hepatocytes (PHs) at a frequency of 0.01%-0.09%. These
hepatocytes were able to grow continuously through serial subcultures as colony-forming
parenchymal hepatocytes (CFPHs). In the present study, we generated gene expression
profiles for cultured CFPHs and found that they expressed cytokeratin 19, CD90 (Thy-1),
and CD44, but not mature hepatocyte markers such as tryprophan-2,3-dioxygenase (TO)
and glucose-6-phosphatase (G6P), confirming that these cells are hepatic progenitor-like
cells. The cultured CFPHs were resistant to infection with human hepatitis B virus (HBV).
To examine the growth and differentiation capacity of the cells in vivo, serially subcultured
CFPHs were transplanted into the progeny of a cross between albumin promoter/enhancer-
driven urokinase plasminogen activator-transgenic mice and severe combined immunode-
ficient (SCID) mice. The cells were engrafted into the liver and were able to grow for at least
10 weeks, ultimately reaching a maximum occupancy rate of 27%. The CFPHs in the host
liver expressed differentiation markers such as TO, G6P, and cytochrome P450 subtypes and
could be infected with HBV. CFPH-chimeric mice with a relatively high replacement rate
exhibited viremia and had high serum levels of hepatitis B surface antigen. Conclusion:
Serially subcultured human hepatic progenitor-like cells from postnatal livers successfully
repopulated injured livers and exhibited several phenotypes of mature hepatocytes, includ-
ing susceptibility to HBV. In vitro—expanded CFPHs can be used to characterize the differ-
entiation state of human hepatic progenitor-like cells. (HEPATOLOGY 2008;47:435-446.)

Abbreviations: IMM, 9-month-old Caucasian male: 10YF, 10-year-old Caucasian female: 12¥YM, 12-year-old Aan male: 16YF, 16-year-old Asian female: AAT,
al-antitrypsin: AFP, a-fetoprotein; ALB, albumin; BGP, biliary glycoprotein; Brdl), S-bromo-2'-deoxyuridine; CEPH, colony-forming parenchymal heparocyie; CK.
cytokeratin; GGP, glucose-6-phaosphatase: b, human; HBsAg, hepatitis B surface antigen; HBV, hepativis B virus; CYP, cytochrome PA50: m, mouse; MDR, mwltidrug
resistance protein; MRP, leid g resistance it "’, otein; PH, parenclymal hepatocyre; RI, replacement index; RT-PCR. reverse-transeription polymerase chain
reaction: SH, small hepatocyte; TO, mypeophan-2.3-dioxygenase; uPA, urokinase plasminogen activaror.
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shown that parenchymal hepatocytes (PHs) have

great growth potential. When mouse (m) hepato-
cytes were transplanted into the livers of albumin promot-
er/enhancer-driven urokinase plasminogen activator
(uPA)-transgenic mice,' they engrafted and repopulared
the host liver. Serial transplancation experiments using
m-hepatocytes in mice with tyrosinemia showed their
enormous growth capacity.® The replicative potential of
rat hepatocytes has also been demonstrarted by transplant-
ing them into the partially hepatectomized liver of a ret-
rorsine-treated rar,’ and uPA-transgenic mice crossed
with severely immunodeficient mice, such as severe com-
bined immunodeficient (SCID)/beige mice,* SCID
mice,>¢ or recombination activation gene 2 knockour
mice” have been used to show the growth potential of
human (4)-hepatocytes. When transplanted into uPA/
SCID mice, PHs from a human juvenile male grew in the
host liver to a level at which the proportion (replacement
index) of the area of repopulated A-hepatocytes to the
total number (host and donor) of hepatocytes reached
96% at 64 days posteransplantation.® Such /-hepatocyte—
chimeric mice have been used to study the pharmacolog-
ical responses of A-hepatocytes’ and to investigate
h-heparitis viral infections.*¢-%

In contrast, normal hepatocytes have limited replica-
tive capacity in vitro and acquire an abnormal phenotype
if they are cultured for extended periods.”1? Studies on
hepatocytes cultured in a newly devised medium (hepa-
tocyte clonal growth medium!'!1?) revealed a subpopula-
tion of highly replicative PHs, known as small
hepatocytes (SHs), in both rats'? and humans.!? Their
occupancy rate in A-liver ranged from 0.01% to 0.09%
and was dependent on donor age.'* The A-SHs formed
colonies and grew continuously through several subcul-
tures, which led us to name them colony-forming PHs
(CFPHs).'? Replication of the CFPHs was donor age—
dependent up to passage 7 (p = 7)," and the cells did not
exhibit a normal hepatocytic phenotype. Instead, they
exhibired the traits of hepatocytes or biliary cells depend-
ing on the culture conditions. In addition, the CFPHs
were not susceptible to infection with heparitis B virus
(HBV) (unpublished dara).

In this study, we generated gene expression profiles of
CFPHsand transplanted serially subcultured CFPHs into
homozygous uPA/SCID mice to examine their growth
and differentiation capacity. Our results indicate that the
cells were engrafted onto the liver parenchyma and repop-
ulated the tissue, ultimately differentiating into mature
hepatocytes. Importantdy, the in  vitro-propagated
CFPHs became susceptible o infection with HBV. This
study supports our previous suggestion that CFPHs from

S tudies using rodents with damaged livers have
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h-postnatal liver are hepatic progeniror-like cells with the
potential to assume a normal hepatocytic phenorype.!?

Materials and Methods

h-Hepatocytes. This study was performed with the
approval of the Hiroshima Prefectural Institute of Indus-
trial Science and Technology Ethics Board. PHs were
isolared as described'* !4 from livers donated by a 12-year-
old Asian male (12YM) and a 16-year-old Asian female
(16YF) according to the guidelines of the 1975 Declara-
tion of Helsinki. Cryopreserved PHs from a 9-month-old
Caucasian male (9MM) and a 10-year-old Caucasian fe-
male (10YF) were obtained from In Vitro Technologies
(Baltimore, MD) and BD Biosciences (San Jose, CA),
respectively.

Culture of CFPHs. Cryopreserved PHs from the
9MM, 12YM, and 16YF were thawed® and serially sub-
cultured to obtain in vifro-expanded CFPHs.'* Com-
mercial IMM PHs and freshly isolated 12YM and 16YF
PHs were cach subcultured to p = 3. The expanded cells
were then cryopreserved, thawed upon use, and cultured
on collagen-coated plates for 14-20 days as described.!?

Flow Cytometry. We detached 12YM CFPHs (p = 4
or 5) from culture plates by treatment with 0.25% Tryp-
sin-EDTA (Invitrogen, Carlsbad, CA), suspended, incu-
bated on ice for 30 minutes with m-monoclonal
antibodies against #Thy-1 (clone F15-42-1; Chemicon,
Temecula, CA), and incubated with antibodies against
m-immunoglobulin G Alexa-488 (Molecular Probes, Eu-
gene, OR). We used m-immunoglobulin G, as a negarive
conrrol. The cells were then analyzed and separated using
a fluorescence-activated cell sorter (Becton Dickinson,
Franklin Lakes, NJ) as reported.'?

Transplantation of PHs and CFPHs, We detached
9MM and 12YM CFPHs (p = 4) from their culture
plates and treated for 1 hour with DMEM containing
10% fetal bovine serum and 3 pg/ml anti-/-integrin arl
monoclonal antibodies (clone FB12, Chemicon).'® This
procedure improved engrafiment of the CFPHs in uPA/
SCID m-liver and reduced host mortality.

Transplantation of PHs and CFPHs was performed as
described previously.> Homozygous uPA/SCID mice
were injected with 0.75 X 10° 9MM and 12YM PHs or
0.75-1.0 X 10° in virro—expanded 9MM and 12YM
CFPHs into the inferior splenic pole. When necessary, 10
mM 5-bromo-2'-deoxyuridine (BrdU) (Sigma, St. Louis,
MO) and 1.2 mM 5-fluoro-2"-deoxyuridine (Wako,
Osaka, Japan) in saline were injected intraperitoneally
into the mice ar 10 pl/g body weight 1 hour prior to
death. The animals were treared according to the guide-
lines of our local committee on animal experiments.
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Table 1. Summary of CFPH and PH Transplantation Experiments in uPA/SCID Mice

Time of Sacrifice No. of Mice with
(Weeks After No. of P d Igr
Group Donor Celis Transplantation ) Mice [RE (™)) Rit [Mean = SD (n)]
A 12YM CFPHs (p = 4) 3 9 3(33) 0.06-0.19% [0.14 = 0.07% (n = 3)]
B 9MM CFPHs (p = 4) 3 6 4(67) 0.03-0.05% [0.04 = 0.01% (n = 4)]
c MM PHs 3 3 3 (100 5.1-19.4% [64 = 29% (n = 3)]
D 12YM CFPHs (p = 4) 810 27 14 (52) 0.2-27.0% [6.6 = 8.3% (n = 14)]
E OMM PHs 10-11 23 23 (10012 32.6-82.2% |57.4% (n = 2)]
F 12YM PHs 10 € 4 (67) 31.0-77.0% [62.3 = 23.8% (n = 4)]
G§ 12YM CFPHs (p = 4) 17-20 4 ND ND

Abbreviation: ND, not determined.

*Number of mice whose livers were engrafted with transplanted PHs or CFPHs, The RE was d d via hALB i stry on sections prepared from
5 lobes of a liver.

tRanges of RI of chimeric mice used in each group.

$Data from Tateno et al.®

§Mice from group G were used for HBV Infection studies.

We transplanted 9MM and 12YM CFPHs into 6 and  a-fetoprotein (AFP), cytokeratin 19 (CK19), biliary gly-
40 uPA/SCID mice, respectively. The mice were then coprotein (BGP), Thy-1, CD44, multidrug resistance
killed 3, 9, or 10 weeks later, depending on the experi-  protein 1 (MDR1), multidrug resistance-associated pro-
mental purpose. In a previous report, we used 9MM and  tein 1 (MRP1), MRP2, and glyceraldehyde-3-phosphate
12YM PHs as donor cells. In this study, we used some of dehydrogenase.
the preserved livers from these mice for histological exam- In Situ Hybridization. Cryosections (7 um thick)
inations and as sources of RNA for reverse-transcription  were fixed with 4% paraformaldehyde, then incubated
polymerase chain reaction (RT-PCR) analysis. The mice  yith 100 ng/mL proteinase K for 10 minutes at 37°C.
used in our transplantation experiments were s?para(ed The sections were then treated at 90°C for 6 minutes and
into 7 groups (A-G) as shown in Table 1, which includes | ybridized for 2 hours at 37°C with biotinylated h-DNA
the rates of. cngfnﬁmcm and replacement indices (Rls) of probes (Dako, Glostrup, Denmark). The sections were
the chimeric mice. also used to detect whole /-genomic DNA using the Gen-

Blood m_"Plcs (5 ul) VisLs c‘?“cc“d periodically after  p ;o System (Dako) according to the manufacturer’s in-
transplantation .fmrn the .ml veins of the ho.sts. am# the itructions. Finally, they wess stained with hemataxylin-
level of b—a]bun}m SALB) in :acl} was dcn.:rmmcd usinga oo
Human Albumin ELISA Quannmt{on Kit (Bethyl Labo- Immunobistochemistry and Histschemissry. For-
ratories, Montgomery, TX) to monirtor the growth of the alincfinad Tveis were embedded in paiffin wnd 66
[m;;;.l a.;ct;;i. iFP;z T Kit (Qi Valenci tioned 5 pum thick. The sections were heated in a
CA) “-fas e :L isoI::ytot:]ﬂ;:N At fr?nl':agf::;u-tl:; :::i’ microwave oven for 5 minutes in Target Retrieval Solu-
9MM and 10YF PHs, cells of the /-hepatoma cell line " (l;]).;koi‘. thmu':[:jd WESREIR :cu;-pcra:ure ﬁ::r ol
HepG2, and 12YM and 16YF CFPHs (p = 4). RNAwas U5 The livers to generate frozen sections were
alsopisolatcd with Isogen (Nippon Gens, Tokyo, Japan) embedded in OCT c?m!:ot{nd .(.Sakum chchc:mlc:lls.
from the livers of homozygous uPA/SCID mice and mice Tokyo_, Japan), frozen in liquid Ricrogen, and sectioned 5
chimcric for 12YM PHs or 12YM CFPHs. Fach RNA Hm lhlck. Thcculturcd cclls were ﬁxcd n Cﬂld Ed’lal‘lﬂ[ for
sample was treated with deoxyribonuclease (Takara Bio, 10 minutes, T.he prima.ry antibo‘%ies :u'{d conditions used
Kyoto, Japan) and used as the template for RT-PCR. The for immunohistochemistry are l:stf:d in SuPp]emcmar}'
RNA (1 pg) was reverse-transcribed with random hexam- Tl?:ile 2. For br'iglz;jﬁe‘id i‘:““‘“’;‘}“""““}"’:;(‘:rykj‘}‘(;a“‘
ers using PowerScript Reverse Transcriptase (Clontech, —ubodies were visualized using a Vectastain E\Yec-
Kyoto, ]gapan). All rc!:ctions were pcrforrﬁcd with Ex Taq tor Laboratorics, Burlingame, CA) using DAB substrates.
(Takara Bio). Semiquantitative PCR was performed to Fluorescense immunohistochemistry was performed us-
allow linear amplification of the targets. The following ing Alexa 488 — conjugated or Alexa 594 - conjugated sec-
h-specific or m and A cross-reactive genes were subjected  ondary antibodies (Molecular Probes). The nuclei were
to RT-PCR under the conditions shown in Supplemen-  stained with Hoechst 33258, Glycogens were visualized
tary Table 1: ALB, al-antitrypsin (AAT), tryprophan-  usinga periodic acid-Schiff (PAS) staining kit (Muto Pure
2,3-dioxygenase (TO), glucose-6-phosphatase (G6P), Chemicals, Tokyo, Japan). Rls were determined using

— 87—



438 UTOH ET AL

hALB-immunostained sections of chimeric m-livers as re-
ported previously.’

HBYV Infection. We obrained /A-serum containing
high-titer HBV DNA (8.1 log; genome equivalents/mL
serum) from an HBV genotype C carrier after obraining
informed consent. The serum was kept at —80°C until
use. Four CFPH-chimeric mice were intravenously in-
jected with 100 pL of the HBV-positive serum 9-12
weeks after transplantation.

HBV Marker Analysis. Hepatitis B surface antigen
(HBsAg) was measured using an Architect Ana]yzcr (Ab-
bort, Osaka, Japan). Serum DNA was extracted using a
SMITEST EX-R&D Nucleic Acid Extraction Kit (Ge-
nome Science Laboratories, Fukushima, Japan). Small
amounts of HBV DNA (<300 copies/mL) were detected
via nested PCR.® If HBV DNA was detecred during the
inirial round of PCR, the copy number was determined
via real-time PCR as reported.®

Results

Phenotypes of CFPHs In Vitro, We seeded 9IMM
and 12YM PHs on culture dishes and confirmed that the
CFPHs from the 2 donors were similar in morphology
and replicative capacity. A small number of the CFPHs
(0.01%-0.09% of the seeded PHs) began to replicate after
5 days. and the number of replicating cells gradually in-
creased until colonies appeared at 17 days (Fig, 1A); after
21 days, the cells covered the surface of the dish (Fig. 1B).
Most of the seeded PHs were not replicative, and they
gradually flattened, acquiring a senescent morphology
within 20 days of seeding (Fig. 1A). The CFPHs showed
an epithelial cell-like morphology with scant cyroplasm
(Fig. 1B), and they retained this appearance during sub-
culture (Fig. 1C). The population doubling rime (PDT)
of the CFPHs gradually increased as the passage number
increased. Up to p = 4, the CFPHs from the young
donors replicated with a population doubling time of
170-220 hours; subsequently, the population doubling
time increased until the cells finally became senescent. !

The expression of several marker genes was compared
among PHs, HepG2 cells, and CFPHs (Fig. 1D). In our
experience, no significant differences exist in the marker
gene expression profiles of PHs among different donors,
and the same trend applies to subcultured CFPHs,'? At
p = 4, the CFPHs expressed less ALB and AAT messenger
RNA compared with the PHs. The PHs expressed TO
and G6P, both of which are markers of mature hepato-
cytes, whereas the CFPHs did not. CK19, a hepatic pro-
genitor/biliary cell marker, was expressed in both the
CFPHs and HepG2 cells, but not in the PHs. BGP, a
cell-cell adhesion molecule in epithelium, endothelium,
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and myeloid cells,'® was expressed in the PHs and HepG2
cells, but only faintly in the CFPHs. The CFPHs, but not
the PHs or HepG2 cells, expressed Thy-1, a hematopoi-
etic’hepatic progenitor cell marker. AFP, a heparic pro-
geniror/carcinoma cell marker, was only detectable in
HepG2 cells. CD44, an SH'7 or oval cell marker,'® was
strongly expressed in CFPHs, but only fainty in PHs and
HepG2 cells. PHs and CFPHs faintly expressed MDRI.
PHs expressed MRP2, bur not MRP1. In contrast,
CFPHs expressed MRP1, but not MRP2. A change from
MRP2 to MRP1 expression during culture has been re-
ported in rat hepatocytes.'?

Thy-1 and CD44 expression in CFPHs was assessed
via immunocytochemistry (Fig. 1E-F). A few CFPHs
were positive for Thy-1 (Fig. 1E), whereas the majority
was strongly positive for CD44 (Fig. 1F). Fluorescence-
activated cell sorting indicated thata minor population of
the CFPHs expressed Thy-1 (Fig. 1G-H), with an occu-
pancy rate of 1%-3% (Fig. 1H). The CFPHs expressed
CK7, CK8, CK18, and CK19 in the preconfluent state
and became CK7- and CK19-negative in condensed re-
gions postconfluence (data not shown), which is in agree-
ment with our previous findings.'* Other hepatic stem
cell markers such as CD34 and c-kir were undetectable in
our CFPHs (data not shown).

Repopulation of CFPHs in uPA/SCID Mouse
Liver. We transplanted 12YM CFPHs (p = 4) into 27
homozygous uPA/SCID mice. The serum concentrarion
of AALB was monitored posttransplantation as a measure
of the RI of CFPHs (Fig. 2A). Approximately half of the
hosts had no or only a small increase in the level of AALB
throughout the experimental period. The remaining mice
showed a continuous increase in the concentration of
hALB, which reached >10 pg/mL after 9 to 10 weeks.
Animal 27 showed the grearest increase, reaching 0.7
mg/mL after 10 weeks. The RI of each of the 14 mice in
which blood AALB concentration was =8 pg/mL after 9
to 10 weeks was determined by dividing the #JALB-posi-
tive areas by the entire area measured.® and the data were
plotted against the corresponding blood AALB concentra-
tions (Fig. 2B). Rls between 0.2% and 27.0% were well
correlated with blood #ALB concentrations in the 9-728
pg/mL range.

Livers of mice engrafted with the CFPHs were sub-
jected to immunohistochemical staining for AJALB (Fig.
3A-D,H) and i# sirw hybridization using #-genomic DNA
probes (Fig. 31). JALB-positive cells were visible within 3
weeks posttransplantation as single cells or small clusters
consisting of up to 25 cells (Fig. 3A-B). Larger clusters
containing 20-450 AALB-positive cells appeared after 9 to
10 weeks (Fig. 3C for animal 2 and Fig. 3D for animals 17
and 27). To detect replicating CFPHs, the mice were
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liver sections were prepared from CFPH-chimeric mice 9
to 10 weeks after transplantation for JALB immuohisto-
chemisery (Fig. 3H) and for in situ hybridization with an
A-DNA probe (Fig. 31). The regions identified as contain-
ing -hepatocytes by the 2 methods were idenrical.
Comparison of Repopulation by CFPHs and PHs.
PHsand CFPHs (p = 4) were prepared from the livers of
9MM and 12YM donors and transplanted into uPA/
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SCID mice. and the mice were killed 3 and 10 weeks
postrransplantation. The transplanted cells were identi-
fied as AALB-positive from histological sections. The
number of PH- and CFPH-derived clusters was 125.0 =
28.2 (n = 3) and 3.3 = 7.5 (n = 7), respectively, per
cross-section of the left lobe of the livers 3 weeks after
transplantation. suggesting that the rate of engraftment of
the CFPHs was much lower than thar of the PHs.

The CEPHs were smaller in size compared with the
PHs after 3 weeks (Fig. 4A-B). The cytoplasm of the
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former was less abundant and more strongly stained for
HALB than thar of the latter. We observed ACID44 in the
plasma membrane of the CFPH-derived cells (Fig. 4E),
bur nor in that of the PH-derived cells (data not shown).
At 10 weeks postransplantation, the CFPHs had in-
creased in size ro match those of the PHs, whose sizes were
unchanged (Fig. 4C-D), and ACD44 expression disap-
peared from the CFPH-derived cells (Fig. 4F). The diam-
erer of each CFPH and PH was quantified as follows:
18.3 = 5.1 um (mean * SD, n = 65) versus 25.8 = 6.4
pm (n = 124) at 3 weeks and 27.0 = 5.5 pm (n = 185)
versus 25.8 = 4.8 um (n = 187) at 10 weeks. We found

-90

between the 2 parameters was
091,

no significant differences in this parameter between the
12YM and 9MM samples. Thus, it appears that the
CFPHss replicated without changing their original small
size until 3 weeks postrransplantation, when they became
larger.

Liver secrions from the chimeric mice were stained
with hematoxylin-eosin to compare the morphological
features of PHs and CFPHs ar 10 weeks. The repopulared
CFPHs (Fig. 4G) showed no significant difference in
morphology compared with the repopulated PHs (Fig,
4H). As reported previously,>® the PHs in the chimeric
livers were enlarged and had less eosinophilic cytoplasm
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Fig. 7. Susceptibility of chimeric mice tw infaction with HBV. The
chimeric mice in this experiment are included in group G in Table 1.
uPA/SCID mice were transplanted with 12YM CFPH (p = 4). (A) The
serum hALB concentration of each mouss was determined 9-12 weeks
posttranspiantation just before the mouse was intravenously injected
with 100 uL of HBV-positive h-serum (0.2 ug/ml at 12 weeks, 1.6
pg/ml at 10 weeks, 7.3 pg/ml at 11 weeks, and 222.0 ug/mL at 9
weeks). The animals were examined every 2 weeks for HBV viremia and
serum hALB level. The upper and lower graphs show the HBV DNA levels
(copies/mL) and serum hALB concentrations (ng/mL). respectively, The
amount of HBV DNA (<10° copies/mL) was semiquantitatively mea.
sured via nested PCR. The values in the upper graph represent the HBsAg
levels at B weeks. (B-E) Immunohistochemical analysis of chimeric livers
infected with HBV. Serial sections of fiver tissuss at 8 wesks after
inaculation were stained for (B) hALB, (C.D) hepatitis B core antigan, and
(E) HBsAg. The region enclosed by & square in panel C is magnified in
panel D. Scale bars: 100 um.

measurable viremia (> 10° copies/mL) up to 8 weeks after
inoculation. In conrrast, most PH-chimeric mice with
<10* ng/mL AALB did nor show quantitarively measur-
able levels of viremia up to 12 wecks after inoculation
(dara not shown) as reported previously.® In this study. we
confirmed that CFPHs were not susceptible to infection
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with HBV prior to transplantation. The presence of hep-
atitis B core antigen and HBsAg in the CFPHs from
HBV-infected chimeric livers was examined immunohis-
tochemically (Fig. 7C,E). CFPHs were positive for both
antigens thar were sporadically distributed in the same
regions among the CFPH colonies. Hepatitis B core an-
tigen—positive cells accounted for 18.7 = 8.3% of the
total number of CFPHs (n = 3; toral cell count = 1,215)
(Fig. 7C), and both the nucleus and cytoplasm of the cells
showed signals (Fig. 7D).

Discussion

This study supports our previous conclusion that
CFPHs are /-hepatic progenitor-like cells.! Cultured
CFPHs expressed such heparic progenitor cell markers as
CK19, Thy-1, and CD44, bur not mature heparocyre
markers such as TO and G6P. We also found that i
vitro—expanded CFPHs in uPA/SCID mice were able to
repopulate the parenchyma. in which they differentiated
into mature hepatocytes. FISH (fuorescence in st hy-
bridization) using mouse X chromosome probes showed
that the engrafted and propagated CFPHs did not fuse ro
the mouse cells (data not shown). Thus, replicative
CFPHs isolated from postnatal liver are normal, func-
tional hepatocyte progenitor-like cells.

The existence of stem/progeniror cells in the adult liver
is controversial.?*2* In the present study, we showed that
the CFPHs expressed CK19. Thy-1, and CD44. bur not
AFP, in serial culture. Thy-1 antigens are expressed in
h-hepatic progenitor cells in fetal liver** and in rat oval
cells,” but not in normal adule hepatocytes. We showed
that Thy-l-expressing cells were present among the
CFPHs at an occupancy of 1%-3%. SHs show grearer
growth potential than PHs in rats.!* Other studies have
reported that CD44 is a specific marker for rar SHs i
vitre and in vive, and that its expression level decreases
with SH maruration /z vitre.'” Morcover, a recent study
demonstrated thar CD44 was strongly expressed by oval
cells in a 2-acerylaminofluorene/partial hepatectomy. a
D-galactosamine, and a retrorsine/partial hepatectomy rac
model, bur not by small hepatocyte-like progeniror cells
(SHPCs)'* char appeared in a retrorsine/partial hepatec-
tomy model.*¥ We detected CD44 expression in CFPHs
at the plasma membrane. These results suggest that Thy-1
and CD44 may be common markers for both rar and
h-hepatic progenitor cells.

Mouse embryonic liver stem cell lines differentiate into
both heparocytes and bile ducts in uPA/SCID mice.*
Like PHs, our CFPHss differentiated into mature heparo-
cytes, bur not into biliary epirhelial cells, in uPA/SCID
mice. CFPHs are considered to be heparic progeniror-like
cells, like rac SHs!?293% and SHPCs.#*%4 SHPCs are



HEPATOLOGY, Vol. 47, No. 2, 2008

closely related to SHs: they are small and similar in
size,?830 and both express CYP3A1 and 2E1 at a low
level.?#32 At 3 weeks posttransplantation, the CFPHs
were small in size, had a large nucleus-to-cytoplasm ratio,
and expressed #CD44, but not #CK19. At 10 weeks, the
cells became bigger. assumed a morphology similar to that
of PH-derived cells, and lost their expression of ACD44.
The expression of #CYP3A4 was quite low (0.15-fold)
among CFPHs compared with that of PHs (data not
shown). In addition, the distribution of ACYP3A4-ex-
pressing CFPHs in the pericentral zone was unique: more
than two-thirds of CFPHs did not express CYP3A4. In
the case of the /-PH—chimeric mice, all PHs in the peri-
central zone expressed CYP3A4 (dara not shown).

Presently, we lack experimental data to explain the ex-
pression of ACYP3A4 in CFPH-chimeric liver. but
CFPHs may require some specific environmental fac-
tor(s) for differenriation, which might be absent from
mouse liver. Alrernarively, some factors that specifically
inhibit the differentiation of CFPHs might be present
there. CK7-positive A-hepatic progenitor cells are present
in the livers of uPA/SCID mice transplanted with A-post-
natal liver-derived PHs,® and rhese small cells are strongly
immunoreactive to pan-cytokeratin with scant cyto-
plasm. The CFPHs were morphologically similar ro these
cells ar 3 weeks posttransplantarion, although we were
unable to detect CK7-positive cells in either the PH- or
CFPH-transplanted chimeric livers. However, CFPHs
were HCK7-, HCK19-, and #CD44-positive, at least until
1 day posttransplantation (data not shown).

We reported previously that uPA/SCID livers were
nearly completely replaced with young donor PHs ar 10
weeks posttransplantation.® In contrast, the Rls of our
CFPH-chimeric mice were <30% ar 9 to 10 weeks.
CFPHs were rare in the host liver at 3 weeks posturans-
plantation, whereas several PHs were observed. The lower
Rls of the CFPHs might be attributable ro their lower
engraftment efficiency.

In conclusion, A-hepatocytes in immunodeficient,
and liver-injured mice are useful for the study of viral
hepatitis. Repopulated h-hepatocytes are susceptible to
infection with HBV®# and HCV . *¢ Additionally, /-
hepatocyte—chimeric mice are usually produced by
transplanting fresh®” or cryopreserved hepatocytes,**
bur sources of h-heparocytes are limited. Several stud-
ics have reported on liver repopulation by in vitro—
propagated cells from adulr and fetal livers, such as
immorralized mouse hepatic stem cells,” rat SHPCs,*
immortalized A-hepatocytes transfecred with full-
length HBV,% and fetal h-epithelial/heparic progeni-
tor cells.*¢3” However, the Rls in these studies were
extremely low (less than a few percent). In the present
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study, we were able to produce CFPH-chimeric mice
with Rls as high as 27%. Thus, CFPHs could be an
alternarive to A-hepatocytes as a source of hepatocytes
for transplantarion. Moreover, the CFPH-chimeric
mice were susceptible ro infection with HBV, even
though their serum AALB levels were extremely low
(102-10% ng/mL). CFPH-chimeric mice will be useful
for studying A-HBV and for characterizing h-hepatic
progeniror cells.

Acknowledgmens:  We thank H. Kohno, Y. Marsu-
moto. S. Nagai, A. Tachibana, Y. Yoshizane, and Y. Seo
for providing technical assistance. We also thank Dr. K.
Ohashi (Tokyo Women's Medical Universiry) for helpful
discussion and comments during the preparation of this
manuscripr.

References

. Rhim JA, Sandgren EP. Degen JL. Palmiter RD, Brinster RL. Replace-
ment of diseased mouse liver by hepatic cell transplantation. Science 1994:
263:1149-1152.

- Overrurf K. Al-Dhalimy M, Ou CN. Finegold M, Grompe M. Serial
transplantation reveals the stem-cell-like regeneranve potential of adule
mouse hepatocyres. Am | Pathol 1997:151:1273-1280.

. Laconi E, Oren R, Mukhopadhyay DK, Hurston E, Laconi 8, Pani P, eral.
Long-term, near-total liver replacement by transplantation of isolared
hepatocytes in rars rreared with retrorsine. Am | Pachol 1998:153:319-
329,

. Mercer DF, Schiller DE, Elliort JF, Douglas DN, Hao C. Rinfrer A, eral.
Heparitis C virus replication in mice with chimenic human livers, Nat Med
2001:7:927-933.

. Tateno €. Yoshizane Y, Saito N, Kataoka M. Urah R, Yamasaki C, et al.
Near completely humanized liver in mice shows human-type metabolic
respanses 1o drugs. Am | Pathol 2004;165:901-912.

6. Meuleman P, Libbrecht L, De Vs R. de Hemprinne B, Gevaert K,
Vandekerckhove |, et al. Morphological and biochemical charactenzaton
of a human liver in a uPA-SCID mouse chimera. HEPATOLOGY 2005:4 1
B47-856.

7. Dandri M, Burda MR, Torisk E. Pollok IM, Iwanska A, Sommer G, eral.
Repopulation of mousc liver with human hepatocytes and i vivo infection
with heparitis B virus. Hepatorocy 2001:33:981-988,

8. Tsuge M. Hiraga N, Takaishi H. Noguchi C, Oga H, Imamura M, et al.
Infection of human hepatocyte chimetic mouse with genenically engi-
neered hepatitis B virus. HEPATOLOGY 2005:42:1046-1054.

Y, Kocarek TA, Schuerz EG, Guzelian IS, Biphasic regulation of cytochrome
P450 2B1/2 mRNA expression by dexamerhasonc in primary cultures of
adult rat hepatocytes mantained on matrigel. Biochem Pharmacol 1994;
48:1815-1822.

10. Asterburn LM, Zurlo J, Yager 1D, Overton RM, Heiferz AH. A morpho-
logical srudy of differennated hepatoeytes in viro. HeEPATOLOGY 1995:22:
175-187.

11. Tateno C. Yoshizaro K. Growth and differentiation in culture of clono-
genic hepatocytes that express both phenorypes of hepatocyres and biliary
cpithelial cells. Am | Pachol 1996:149:1593-1605.

12. Tateno €. Takai-Kajihara K. Yamasaki C, Sato H, Yoshizaw K. Herero-
geneity of growth parenrial of adult rar hepatocytes in witro. HEPATOLOGY
2000:31:65-74.

13, Yamasaki C, Tareno C, Aratani A, Ohnishi C. Karayama S, Kohashi T, et
al. Growth and differentiation of colony-forming human hepatocytes in
vitre. | Hepatol 20006:44:749-757.

14. Hino H, Tateno C, Sato H, Yamasaki C, Katayama S, Kohashi T, etal. A

long-term culture of human hepatocyres which show a high growth poten-

[

[

.

v



